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The pxesent invention eoncnns s diagnostic tool for application to biological 
fields siidi as human healft, animal health or agriculture. In human and aniAial health, 
such a dtagnostie tool is uaed for detecting geaedediaeases or infectton by a pathogen. In 
ttw agricultural realm, it a^Ues to die detection of contanunanti auch aa padiogenic 
mici'uoiganiaina 

For example^ a viral infiection in an individual cannot generally be revealed 1^ 
immunoldgical tests. In &ct, in xnost cases, it Is the antibodies directed against 
«^ch are detecced, ^oh axe indirect proof of tfie presence of the virus. In certain 
special cases in v/hidi tfie viremia is significant, the vixbI antigens may be directly 
deteeted in the Uood of Individuals. This is the case« for example, in Ihe diagnosis of an 
infi9ction by the hepatitis B virus (HBV). Geneiall^i die imnunologieal tests are only 
modezttdy successfid due to thehr lack of sensitivity and spccifici^. 

The most common immunological tests are capable of detectiag 10^ to 10^ viral 
particles per milliliter. For the HBV, a serum is considered infectious with cmly 102 viral 
particles per milliliter (Prince et al^ 1983). The number of false negative results is thus 
significant, as the threshold for infectiousness is at least 1000 times lower than Oie 
sensitivity threshold for the immimological tests. 

The lack of speclfid^ of tiiese tests is directly related to the immunologicsi 
reactions involved. False positive results are thus such a problem that a second 
immunological test, known as the "confirmation test", is often employed. This spproach 
is particularly employed in the detection of the virus respoxislble for AIDS (Acquired 
Immune Deficiency Syndrome)* 

Research is currently under way concerning molecular biology methods allowing 
the diagnosis of an infection by a pathogen with a sensitivity and a specificity fiu: superior 
to those obtained with the immunological tests. In addition, these methods based on 
molecular hybridisattoxi of nucleic acids provide direct proof of the presence of the 
pathogen, as it is its own genetic maierlal which ia detected. 

Such a diagnostic tool, based on molecular hybridization, results in the detection 
of at least one defined sequence of deoxyribonucleic acid (DNA) or of ribonucleic acid 



(RNA) in A Uologicol sample. For infectioos by a pstfaogen (virus, bacteria, parasite, 
etc...), it is a precise sequence of the genetic material of the pa;hogen which is detected. 
For genede diseases (more than 3000 in humans), it is the anomaly in a precise sequence 
of genomic DNA which is revealed. In order to attain a voy gtcat sensitivity, it is 
necessary to amplify in vitro die number of DNA or RNA molecules which must be 
detected. The Z3N A or RNA sequences thus anvltfied are detected in a second stage 
nudeic probes. Ihe best results are now obtained by utiliaing the technique of 
amplification by chain reaction of a DNA polymerase, currently known as the PGR 
technique ^Polymerase Oiain Reaction") (Saild et al.» 198S). 

The In vliro enzymatic amplification technique or the PGR amplification 
tedmique were described in December 1985 and applied to the diagnosis of arwmia and 
siolde cell disease in humans. Unlike all amplification systems previously described, the 
PGR teduiique allows the ipecific amplification of a quantity of double-strand target 
DNA sequences before they are detected by molecular hybridization. The PGR principle 
is tQ repeatedly utilize the activity of a DNA polymerase to copy the DNA sequence 
«4uch is to be amplified. The technological faa^is of PGR rests on two fundamental 
points. The first point concerns the utiliation of two oligonucleotidic primer segments 
separated by n nucleotides, one complementary to the (4) DNA fragment, the other to the 
(^) DNA fragment, and in vddch the 3' ends are opposite one another. The second point 
concerns the repetitive udlization of the activity of a DNA polymerase. The immediate 
consequence of these two points is that, under proper conditions, all the sequences which 
are synthesized in die (n) cycle may be used as matrices by the DNA polymerase in the 
(n+1) cycle. Thus all the specific seqxiences present after the (n) cycle may be copied in 
the (n+l) cycle. An exponential amplification dius results in the number of Qsecific 
sequences as a function of the number of cycles. 

Several successive stages are neeeasary for the fimctioning of a PGR cycle. First, 
ihcn is the specific hybridization of an oligonucleotide with a sequence of single^strand 
target DNA to be amplified. Prom the hybridization complex thus formed, a DNA 
polymerase accomplishes die synthesis of the complementary DNA fragment by utilizing 
the oligonucleotide as a primer segment and the fiagment of target DNA to be amplified 
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aaaiutxix. Moie •pecificflUy, ta ainplifieafioQ cycle b oott^ The 
fbst mge aceofflptidiea the denaturing of the double-ftrand DNA •oqiienoes at 90 « 100 
*C. ThB second st«ge results in the speci& hyfariduation of oUgonudeotides peimitted 
by a deetease in Ase tempexanoe during the phase of hj^dlzation of the primer 
segments. The third stage aeeomplishes the extowon of the hyfaridiaed 
at a temperature dose to Oe optunal tempenAoe far the ftmctiorung of the DNA 
polymerase (37*0 for the Klenow fiagment and 72*C for a tfaermoresistant DNA 
pdymerase extracted fimn Tbemius o^ufffcuf ). 

During the amplification cycle (n+1), the single*strand DNA sequences are 
^thesined by utilising the sequences synfiiedzed in the (n) ^cle. as wdl as tfie 
sequences present at <he end offlie(n-l) cycle, as matrices. A sequence synthesised in 
the ndi cycle dius cannot serve as aprimer segment in the (o+l) cyde unless its lengdi is 
at least equal to the distance in bases separating the two primer segments. Under these 
conditiras, the number of DNA sequences spedfically amplified varies exponentially 
vath respect to the number of cycles. 

The amplification of RNA sequences rcqxiizes the preliminazy stage of the 
synthesis of the complementary DNA (cDNA). This approach is important for the 
detection of the genome of retroviruses such as the human immunodefidency virus (HIV) 
responsible for AIDS in humans (Ou et aL, 1 9S8}. 

The molecular hybridization reaetion between two nucldc acid sequences is 
directly linked to the temperature. This hybridization, based on the complementarity of 
bsses between two sequences, may occur between two DNA molecules, between two 
RNA molecules, or between a molecule of DNA and a molecule of RNA. The molecular 
hybridization thus dlows either die pairing of two distinct molecules via hydrogen bonds, 
or the intra<*molecular pairing between two complementary sequences. In flie latter case^ 
there is the fbrmstion of secondary structure in the DNA or RNA molecules. The 
influence of the temperature on the hybridization reaction is essential and each DNA (or 
RNA) sequence ii characterised by iu or the temperature at which 50% of the 
sequences are paired to the compleinentary sequences. The Tm of a precise sequence 
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nay be defttmlnad «q«imenldly by using spectrophotometry to monitor the 
" hypttdiromici^ at 260 lunometers vWch accompMies the unpairing (or denatorttion) of 
twocomplemeaiaiyDNAiequenccs. AU of tbe DNA W«ce« are in the rintfeittand 
fbnn athigh tonperatuiM (lOO-Q and inthe douWe-alrand to low 

20"C). 

Tlie Tm of a DNA awiuence depends idtimately on the two fbUowing parwnetera: 
ihe base sequence ofiheDNA in question and the Ionic atiengto Values 
forTmgeneraUyvaiyftom20togS»C. TTius. aU the molecular hybridization leaetions 
must be performed under peifcetiy defined and controUed thermal conditions . 

For biological diagnosis (human health, animal health, agriculture). * defined 
sequence of DNA or WA may be detected by utiliiing the complemttrtary DN^ 
sequence as • molecular probe. TTw probe is previously labeled, either by a radioactive 
isotope or some chemical modification. After hybridization between the target aequence 
■nd the probe sequence, die latter may be detected due to its labeUng. 

Using current tedmology, it is possible to detect the presence of a aingle molecule 
of DNA (deoxyribonucleic acid) or cf RNA (ribonucleic acid) in a biological aample by 
using the PGR technique in coiflunction with molecular hybridization with the aid of a 
nucleic probe. In other words, tests based on molecular hybridization are extxanely 
sensitive, to the extrat that a single pathogen may be detected in a sample (Wong et al., 
1987). Compared to an immunological test, there is approxiinately a 10.000-fold gain in 
sensitivity. 

The specificity of molecular hybridization reactions is exceUent, as it is pos»ble 
to detect a tiny variation in the base sequence composing the genetic material of an 
individual. Tlie modification of a single base among the 3,500.000.000 bases v*lch 
compose the human genome may thus be detected. 

Despite d» great speciflciry of the hybridization reactions, an ultnwensitive 
diagnostic test associating the utilization of PCR and molecular hybridixation with the aid 
of a nucleic probe does not have good specificity. In fact, it U not rare w obtain false 
positive results which significantly decrease the overall specificity of the test. "Ihis 
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phyn^>«n« is due to aocidental molecular cantafflinatioa of the ttcgctive mnples with at 
least one molecule of the tiigetDNA or RNA. FaUe positive lewilU ire ultimately a 
direct consequence ofthe great sensitivity of the test InofherwordSitheutUiasationofan 
amplification technique as poweiflil as PGR reveals molecular co nt a min a nts which 
pre^onsly went vndeteclBd. 

The extreme sensitivity attained by diagnostic teats based on PGR is tinis at tiie 
loot of a new type bffklsa positive result linked to molecular contaminants. Thedegroe 
of the problem is such that it is now necessary to cany oat dilTeient stages of the test at 
difieient sites in an attempt to minimize diis phenomenon. lUs partitioning allows the 
pfayncal separation of die pre>PCR manipulafions, perfimned on samples widdi contain 
Uttle specific DtiA, fiom the post-PCR manipulatiett. peribrmed on aamples wfaleh are 
veiy rich in qieclfio DMA. A minimum of three Independent rooms (but preferably 4), 
with their own security airlocks, have begun to be instsUed by a large number of research 
Isbontories worldwide. These rooms are dtfaerpxesturixed or de-pressuii2ed,dq)endlng 
on whether the stage peribrmed In them is pre-PCR or post-PCR. respectively. 

This psttitioning allows a significant reduction in the number of fUse positive 
results, but does not totally eliminate them. At any rate, this approach is costly, and 
makes a test which should be simple actually quite complex. 

A cenain number of deWces are now commercially available wiiich only execute 
one of flie 3 or 4 atages whidi constitutB a diagnostic test utilizhig PGR and moleeulix 
hybridization witii tiw aid of a nuclele probe. The only stages Ihus automated are the 
stage in whidi nuclde adds are extracted ftom the biolo^eal aample and the atage of 
amplification of the DNA sequences by PGR. 

To arrftfnrlii'h the stage in vAdch nucleic acids are extracted fiom the bielogied 
sample, only one device is cuzzently avdlable on the world market It is a costly 
apparatus n^iich can treat only a very small number of samples (a maximum of 8) in 
about 6 hours. Together, these charactetisties make this device suitable for only very 
specialized research laboratories. 
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Botweea 12 and 15 diffemnt devices piovido tutoiuted pcffisnnuce of the stage 
in whidi DNA sequences are amplified by PCIL All of these machines s^ply diffisrent 
ta mp er a t upcs to disposable and independent plastic tubes ^Aih capacities mgisg fiom 
0.75 ml to LSO ml Each tube contains a biological aample to be treated. Two devices 
have also been proposed widi an ad^ter capable of xecei ving a odcnMittaiion plate. 

Generally* existing devices have been designed to automatically perfium a precise 
tedmologiGal stage; None of them allow the perfbrmance of an entire diagnostie test by 
molecular hybridisation. Thus the consecutive use of a device for extracting nucleic 
acids aiul a PGR device requires numipulations to be performed on each sample between 
die two automated stages. Such a manual intervention is necessary between these two 
stages and during the stsges performed after the PGR. 

These manipulations consist principally of opening and dosing the disposable 
tubes with detachable stoppers, azul of precision pipetting. During die manipulation of 
the tubes, die experimenter wears latex or vinyl gloves to ensure the greatest degree of 
cleanliness and especially to avoid contsminadng the san^Ie by nucleases present on his 
or her own skin. Moreover, when a tube is open^ the significant danger of contamination 
u augmented by the presence of nearby tubes containing potential molecular 
contaminants. Durinji the pipetting of a determined quantity of liquid fiom a donor tube 
and the delivery of this liquid to a receptacle tube, die pipetted liquid may be (he sample 
itself, a buffer solution, a prepsration containing at least one active principle (enzymes, 
oligonucleotides, triphosphate nucleotides, etc...). 

For each biological sample treated, 12 to IS pipettings must be carried out with 
the aid of a precision pipetting device for the single pre-PCR stage consisting of the 
extraction of nucleic acids. Tlie precision pipetting device is very fnequently die origin of 
the molecular contamination between two different reacdng mixtures. Faced with this 
m^jor problem, experimenters utilize positive-displacement pipetting systems more and 
more fiequently; (hey seem to slightly decrease the frequency of contamiruition, but they 
are oqiensive. 

In any case, all of these manipulations are a constant dsnger tn terms of molecular 
contamination which could generate false positive test results. This situation is n 
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significnt io^cdiment to tibe utilizttfon of molecular hybridizitioa technologies for 
biological disgnoais. For human health in particular, it ia bard to imagine the 
development of a reliable test due to ihe large number of fidae positive reaulta. 

Ibe Gunenc aituation it thus paradoxical, as technologSea exist which are vcxy 
powexful, PCR in particular, but (facy cannot be utilized because of in^ipropriaie general 
maniptdotion conditiona. lliese manipulation conditions, i^ffaile appropriate in a 
molecular biology laboratoiy, are not iuflScIeot wAian the aensitivity of recently- 
developed tests allows the deteotton of a single molecule of DNA or RNA. 

The Impact of the utiliEation of molecular hybridiaation diagnostic tests in human 
health would be considerable, as various estimates report that about 10 to 20% of 
individuals tested in transfusion centers, hospitals and qsecialized laboratories are 
infected by a pathogen which goes undetected (negative rate) by conventional 
immunological tests. 

In the present description and in the claimi, the term "aample" implies a coUectioxi 
of molecules at a given time during the course of the overall treatment of the biological 
sample, said collection of molecules initially resulting fiom the biological sample taken 
during the sampling procedure. When there is physical separation between at least two 
groiqis of molecules, the sample is that which contains Iho greatest number of the specific 
DNA or RNA sequences being investigated in the purified atate or in ossociadon with 
Other molecules which are more advanced regarding tiie overall treatment composed of 
several successive stages. In the same way, the term "active principle" implies a 
molecule or povp of molecules arising during the treatment of the sample. In particular, 
an active principle nuy be an en^me. an ion, a salt, a triphosphate nucleotide or an 
oligonucleotide. The term "target sequence" implies the DNA or RNA sequence which 
will be specifically amplified during the amplification atage. Once amplified, the target 
sequence may possibly be detected by molecular hybtidiaation with the aid of a probe 
sequence. Tlie term "sampling** implies the sampling of the biological material fimn an 
individual, an animal, a plant or an agricultural produoL* The biological material thus 
sampled will be known as the "^initial sample". 
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Tbfi main objectivo of tbo pteaeot Inventioa is to completely Htm^T*»^» the 
prablans of molecular eontammatioa during the course of eutomated treatment of the 
hiolosical sample, v4uch includes an fn vttro juage of amplification of a specific DNA or 
RNA sequence. Such a result may be attained by using a procedure to amplify llie 
number of at least one qiecific sequence of nucleic acids or of its con^lementazy 
sequence, hereafter refierred to as target sequences, in a biological sample, characterised 
by the fact tfiat, on one hand, it includes tiie application of active prix^plcs to said 
sample and at least one preliminary stage, intended to increase the accessibility of nucleic 
acids present in the sample, followed by an amplification stage; on the other hand, said 
sample as well as the acdve principles are confined to the interior of a hermetically sealed 
container for the duration of the pracedure* In order to address the molecular 
contamination problems in the most effective maimer, fiie proeedure may advantageously 
be characterized by the fiict that the san^ling is carried out directly in the aforeinm 
hermetieally sealed container. 

Preferably, such a procedure allows the performance of a complete biological 
diagnostic test, including, on one hand, a preliminary stage which increases tiie 
accessibility of the DNA or RNA to molecules contained in the initial sample and at least 
one active principle, such as DNA and RNA polymerization enzymes and DNA and RNA 
sequences vAdok are partially or completely complementary; on the other hand, at lent 
one additional stage subsequent to die amplificafion stage which is designed to detect iht 
possible presence in the sample of all or part of at least one target sequence of 
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA). the number of which has 
increased during tlie amplification stage. 

The aforementioned an^lification stage prefereble employs, on one hazui, the 
activity of a DNA polymerase or an RNA polymerase responsible for the synthesie of 
amplified DNA or RNA sequences; on the o^ hand, either at least one DNA or RNA 
sequence which is recognized as a primer by the aforementioned enzyme and is partially 
or completely complemexitaiy to a portion of the specific target sequence to be amplified, 
or a perfectly specific promoter sequence recognized by the en^me and belonging to the 
target sequence to be amplified. 
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The pzocedure in qiiettioa is adviattigeously chaneteriz^ by tha tfuA «t least 
one additional stage, oocuxring before or after the amplification stage, utilizes at least o ne 
0NA or RNA probe sequenec. modified or non-modified, yAiich under certain physico* 
chemical conditions ia spedficelly hybridised by CQaydementariqf between the bases 
with at least one target sequence, and which is present in d&e sample in five or tixppantd 
fbnn. 

As a complete diagnostie test, the procedure previously described tnay 
advantageously be characterized by the ftct* on one band, that the amplification stage 
employs flie polymerase diain reaction ^CRJ tecfani<iue to specifically increase ifae 
number of molecules of n certain target sequence with a modified oligonudeotidic primer 
which includes a molecule able to emit a measurable eignal; on the ether hand, after 
arnplification the sample is placed in contact with a DKA probe which is at least partially 
compl ementar y to the amplified target sequence, and fiie presence of said afxq>lified target 
sequence specifically bound to the probe is verified by external means, allowing the 
quantitative detection of the emitting molecule boimd to ttic amplified sequences. 

The implementation of the procedure possessing one of the tifinementioned 
characteristics requires a device characterized in that it includes, on one hand, at least one 
eneloauce containing the active principles necessary for the preliminary stage intended to 
increase the accessibility of the nucleic acids; on the other hand, at least one contained for 
the principle agents necessary fbr Che amplification stage^ and in duit the containers are 
hennetically linked together so as to make a unit, hereafter known as the axzay, 
delineating an enclosed space with means provided fiar the mixing and thermal regulation 
of the sample and tiie active principles. Such a device preftzably utUizea a single-use 
array, namely one that ia disposable after treatmem of a single biological senile. 

Advantageously, the aforementioned de>dce is characterized by the &ct, on one 
hand, that the means partially or completely ensuring the movement of the sample and the 
aedVQ principles throxigh the array consist of a peristaltic pump acting on the flexible wall 
of a tube which is part of the array; on the other hand, thai the connections between the 
dlffereni containers are mbea equipped with means for allowing or impeding the flow of 
fluid at a given time in at least one specific tube so as to ensure smooth progression of the 
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trvatmeat and thst said means consist of a rigid element having at least two spatial 
positions, such thsl the **olosed*' position allows ihc flexible tube to be compressed at a 
given locadon so as to impede the flow of fluid, and each ffaact the other position, known 
as the '"open" position, does not have this compression efifeet and allows the flow of fluid 
in this part of the tube. 

Advantageously, several arrays may be groined together to finrn a cartridge, 
allowing the simultaneous treatment of several saovles with the usual means for ensuring 
iheimal regulation, movement and selective flow of die samples and fbt active principles* 

The device for the implementation of the procedure described in this invention 
consists, on one hand, of an array containing the active principles necessary for smooth 
functioning of flue prceedure; on the other hand, of means to ensure the movement, (he 
diermal regulstion and the selective flow of the sample and the active principles inside 
said array. 

The present invention will be more easily understood with the aid of ^e 
complements to the description which follow, which refer to the attached diagrams in 

which: 

- figure 1 represents a schematic view of a partial cross-section of an array which 
equips a pr e fcne d form of realizaUon of the device according to the Invention. 

« figures 2, 3 and 4 represent cross-sectional views of certain components of the 
art^ represented in figure 1. They concern the base plate equipped with a network of 
grooves (figure 2). tubes formed by the association of the base plate and a perfomted 
plate (figure 3). and the same tubes as those represented in figure 3 but ctxt at a point of 
connection of the petforsted plate with a treatment container (figure 4). 

- figure S is a schematic r^stesentation of Ac system of tubes forming the 
connections between the treatment containers of the array represented in figure 1, 
said system being equipped with valves. 

* figures 6, 7, 8 and 9 rqiresent different functional loops in the network shown in 
figure S. each loop being associated with a configuration for opening and closing 
the valves. 



12 



- figure 10 jrpwscffltt « Khenutic view of 1 CBit^ 

feim of walisrtion of the device according to ^ invenlloiL 

TTie iixey, coopleiely or p«tidly irpicicnied in figures 1. 2. 3. end 4, ^ 

tbe cartridge lepresented in figi« 10. «ie for dn^usege. This ^qJioaeh allows the use. 
inside said anay and eamidge. of a henneUcaUy sealed space containing active 
principles which have never been in contact with a iKitenlial aoun* of eontB^ 
which could advttsdyaiftct the ftBCtioning of tlie procedure. ThanHitilirationof any 
portion of the amy incieases the risk of molecular contamination of the aaznple at aio' 
given time during the treatmenl. even if the part replied to not on the path of the 
sample or of any liquid having been m contact with the sample. This U the caae, for 
cacample. in m device composed of two fajtercoxmected parts, on one hand of a part for 
singlemse. inside which aU the manipulations of Ae sample and ^ acdve principles take 
place; on the other hand, of a reusable portion consisting of a cartridge contafaing a gas 

which, due to its pressure. acconqiUshes the movement of the sample and the active 
principles. Although the disposable portion may include, near its connectable end. ft 
filtration system which impedes the passage of previously discussed molecular 
contaminants, the risks of contamination are greater than those associated with the 
utiliaationof a sbgle^use amy. 

The aforementioned anay (figures 1 to 4) and cartridge (figure 10) are designed to 
effectuate a complete diagnostie test, defined as a biological procedure allowing fte 
realization of all the stages prior to amplification, the amplification itself and the stages 
subsequent to amplification, ending' with a final qualitative, aemi-quanfitative or 
quaatitBtivB analysis. The aforementioned final analysis is intended to. demonstrate the 
possible presence m the sample of at least one specific DNA or RNA sequence for which 
the number is increased during fiie amplificodon stage. 

Advantageously, the mtroduction of the initial sample into the srray or cartridge 
would occur upon sampling fiom an hidividual. an anhnal or an agricultural product The , 
aforementioned imroduetion could however be accomplished ftom a storage 
compartment seivhig as an intermediary between- the sampUng and the treatment 
effectuated on the sample in the array or cartridge. 
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Tbe tforemffotioncd amy (figuiM 1 to 4) ind cartridge (figure 10) are 
characterised fay the fact that the henneticaUy aealcd vpMce la sunounded by a phyaieally 
Unpenneahle batxier. prefcrabty made of plaitio material, which may posaeas henneUc 
junctioQ nnea between two distinct conatitueiit dcmenta. Theae Junetton zonea may 
teault from gluing, (hennofliaing or an assemblage *by fiarce" of Ifae two aforementioned 
dements. Due to the constnietion material utilized^ the array does not aUo^ 
of molecular contaminants fixun the exterior to the interior, nor fiott the interior to the 
exterior. The passage of sudb molecules could disturb the treatment of the aample, 
paxticulariy If it involves a DNA or RNA sequence of length greater fliaa or equal to two 
nucleotides. It is paxticulariy important to prevent flie passage of DNA or RNA 
spqirnKfts the number of ip^ch would be susceptible to amplification during treatment of 
the sample. 

The array (6gure 1) oonslsts of a cover (5) fixed to a base plate (1), which itself 
rests on a perforated flexible plate (2). At the end of the plate (1), two outlets each 
receive a flexible tube (£?» 4). each with an interior diameter of 1^ mm. The cover (S) 
protects 6 elements, (El), (E2), (E3), (E4), (E5) and (E6) attached to the piste (1). The 
elements (ET) and (4) are connected to a container (E8) which has a window (3) . 

The biological p rocedure which takes place inside this array incudes at least one 
preliminary stage intended to Increase the aceesribility of nucleic adds contained in the 
initial samples. These nucleic acids will thus be mote aecesnble to at least one molecule 
which is eMier present In the sample at the time of fliis stage and comes fiom tfao initial 
sample or fiom the addition of an active principle, or added as an active principle during 
a subsequent stage. The increase in the accessibility of nucleic acids may be obtained by 
either modification of molecules and biological structures contained in the sample, or b)' 
partial purification of the ixucleic acids. This stage permitdng an increase . in die 
accessibility of nucleic adds is necessary since any living cell, be it a virus, a bacterium 
or a euleaxyotic cell, contains biological structures more or less evolved to 
compertmentaltze the cell so as to protect essential molecules such as nucleic acids. The 
accessibility of nucleic acids thus requires the partial or complete' destruction of such 
structures, which are generally composed of proteins and lipids. The technique most 
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commonly employed eonsists of dertroying or nifBeiently modiiyiiig the molecules 
composing thta biologtod ibuctuie. TTie dertructioB or the profoimd modification of 
gtxactnnl proteins, either by a proteolytic enayme ucb ai protdflose K. or by the actiott 
of heat (treatment at 110^ b a teebnique which i> eflfective and perfectly compatible 
with the meflifld and the device described in ttis invendon. 

The partial purification of nudeie acids may consist of the partial elnnlnation of 
lipid and protein molecules contained in the sam^ This method thus indirectly alters 
the aforementioned biological structures. The first technique consists of passing the 
sample through a column cofloposed of a resin vwhich has a high sflBnity fi>r proteins of 
neutral pH and a very weak a£Eimty for nudde acids. A second technique eonsists of 
paashig the san^le at least once through aa ion exchange column ¥rhidi will retain the 
nucleic adds due to ionic bonds between the negatively charged phosphate groups of the 
DNA or RNA and the cations fixed to the colunm. Later, a high-ionic strength elotton 
buffer will be utilized to release the DNA or RNA by creating competilion between the 
colunm anion and the salt anion (preferably Na*^ for die fixation of the negative charges 
of the phosphates. This aimple technique is completely compatible with the method and 
device described ni this invention. A third technique eonsists of extracting molecules 
sudi as 11^ and proteins with the aid of organic solvents such as phenol and 
chlorofoim. A fourth technique consists of reiuning the spedfic DNA or RNA 
sequences by hybiidization with the at least paitislly complementary aupported sequences 
present on a column. 

The preliminary stage intended to iaorease the aceesaibUity of nucleic acids 
present in the sample may be a simple heating of die latter to a temperature capable of 
denaturing certain protehis, namely a temperature which is preferably between 90*C and 
110"C. In following such a protocol, the aforementioned preliminary stage may be 
merged widi the first theimal treatment which denatures ^ DNA and RNA sequences 
during tiie amplification stage. 

Advantageously, two successive prellmiofoy stages are utilized during the process 
taking place in the arwy represented in figure I. The first preliminary stage consists of 
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proteolytic trertmem of the iwnple by pxowiiusoK. To ■ccompliah this. 4e »aniple is 
mixed with thii enzyme in • coatamer (E6). then It U raov^ 

incubated at 70"Cfcr 20 minutes. The second prBlinaw '»^P"»*^« 
the s«iq»Ie. under low4omc strength condition^ through an ion exchange cd 

in (E2). The nueleie adds retained on tiie column are then released with ifao aid of a high- 

ionic strengdi bu£fer located in (El). 

In the array represented in figure 1. h is advantageous, after the two successive 
preliminary stsges intended to increase the sccessibiUty of nucleic adds, to utilize the 
polymerase chain reaction with at least one oligonudeotidic primer canying the 
fluorescent marker molecule at its 5' end. Thus, at least some of the sequences just 
tyntfaesisBd during the ampKficslion stage wiU carry sdd molecular raaricer and may be 
sdcctivdy recognized in a subsequent stage. All the active principles necessary for such 
an amplification stage are contamed in (BS). After flie addition of said active principles, 
the sample Is moved to (ET). when it Is subjected to Affoent temperansvs in a cyclical 
mannBT. allowing the PCR to be accomplished. From IS to 40 PCR amplification cycles 
are generally sufficient to achieve a high degree of sensitivity for the diagoostie test. 
However, for the detection of certain pathogens like the HIV virus (typo I and 2) and the 
hepatitis C virus (Oarson et d.. 1 990). it is necessary to cany out a second PCR in using 
oligonudeotidic primers within the tpedfically amplified sequence. This approach 
dlows a high degree of sensitivity to be adiicived even when the initid number of 
pathogens is very smdl. 

According to other versions of the procedure described in die present invention, 
the amplification stage may utilize tiie activity of a DNA polymerase or an RNA. 
polymerase responsible fbr the synthesis of tfie amplified sequences, and in which two 
groups of enzymes may be distinguiahed. The first group is condoled of enzymes which 
vcquire the presence of a DNA or RNA primer sequence. In fiwi, such enzymes utilize as 
a substrate a duplex molecule made by hybridization between a target sequence, or matrix 
sequence, and a primer Sequence canying a firee hydroxyl (OH) on the 3' end. The 
enzyme tinis extends the primer sequence from its 3' end by incorporating; for a given 
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posidon on the taiBct fcquenoc, the complementary nucleotide hy utilizing free 
txiphosphote nucleotides present in the lurzoundinga. Tbi$ results in the synthesis of a 
sequence vMtiti Is complementary to the target aeq:uence. The second group consists of 
enzymes v«ch require the presence of a perfeoUy specified promoter iequcnce which 
they recognize and from which they begin the synthesis of a aequence which is 
complementary to the aequence located immediately on tiic 3' side of said promoter 
sequence, in utilizing flee triphosphate nucleotides preseot'in the surroundings. The 
RNA polymerases of the T7 and SP6 bacteriophages are enzymes which behave in this 
latter manner (Stoflfet et aL, 1918). 

Advantageously, a molecular marker other than fluorescence may be employed to 
modii^ the oligonucleotidic primer used during the amplification stage of the procedure 
described in the present invention. In £u!t, two principal groups of molecular markers 
exist The first group Is coinposed of molecules which, under certain physieo-dieiiiica! 
conditionB, truiy emit a signal of a particular nature which could be a ndioactive 
rmlssion, fluorescence, luminescence. bio^Iuminesoence and phosphorescence. The 
second group is composed of molecules for which at least one of their* parameters is 
easily measurable. It may be a soluble or precipttable product fiom the degradation of a 
substrate, particularly by an en^me such as alkaline phoiphatase or peroxidase. The 
presence of a soluble degradation product may be detected by colorimetry. Due to the 
nature of their cmlsrion. degradation products exist for substrates belonging to the first 
group of molecular markers. 

According to still other versions of the procedure described in the present 
invention, at least one oligonucleotidic primer utilized during the amplification stage may 
be modified in ways other than those resulting in the attachment of a molecular marker. 
In fact, a nucleic acid sequence may be modified by the addition of a radioactive isotope 
(p32^ S^^. H'), of a chemical group, of a haptene, of a molecule of molecular weight 
greater than 300 daltoru or of an enqone. 

The procedure which takes place in the array represented ixL figure 1 preferably 
includes a final stage for analysis of the specifically amplified sequences. To accomplish 
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tlds. the sample Uving b«cw .mpUfied U pliced m MDtK^ 

ie it least partiaUy eomplcmentaty to the ampUfied laiget sequence, then the 
pmee of said amplffied target wqiieace, spedficaUy jetained on said auppoirt. is 
evafaiated xwlih the aid of » device capable of qnaalitaiivdy detaetlag the flucwesoonoe 
entitled fiom • nwker earned by the anipUfied sequences. The pxobc aequence {s 
pnfeably an oligonuoleotidfl consisting of 20 to 35 nucleotides covaleffily bound to a 
solid siqiport made of silica. 

Hie final stage of the aforementioned analysis consists first of at least one 
passage, at a precise temperature, of the sample through e column Included in (E8) and 
containing a solid siqipott on virhich at least one a&remenrioned probe sequence is held, 
then of the removal and return to solution, at an dulion temperature, of at least one 
an^lified target sequence. Due to the genetic variability of certain target sequences and 
thus to the approximate knowledge of Oe target sequence really contained in the samples, 
leveral elution temperatures may be advantageously utilized in the direction of increasing 
temperatures. At least one eluate may thus be submitted to the detection olf the molecular 
marker carried by the amplified target sequence with the aid of a detector external to the 
amy. 

According va a simplified version of the procedure described in the present 
invention, the amplification stage represents die end of said procedure. Still other 
variations of the procedure described in the present invention may be utilized depending 
on the namre of the additional stage. Said additional stage may occur befbre or alter the 
amplification stage, and may utilize at least one ONA or RNA probe sequence, modified 
or non-modified, which under certain physico-chemical conditions hybridizes spedficaUy 
by complementarity between the bases with at least one target aequence. The 
aforementioned probe sequence may be present in the sample in free or si^ported form. 
Tbe result of such an additional stage la to have at the end of the neatment a qualitative, 
semi-quantitative or quantitative analysis of tiie presence of at least one target sequence 
in the initial sample and Aus to make available a complete diagnostic test which is 
automated and takes place under the previously defined conditions of isolation. 
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Diriag «dd «IditiaDal sti«e. flie probe sequence may «ivaii««oously be tdded 
before the «npUfic.Uon -tve. « • 'P^^ «*™« mplificrtion. In 

fi«t. a DNA pol)«ie«e or « RNA polymerwe is h-lted or .tnmgty 

course of hs rehtive progiettion on llie matrix aequence, and as It aytaOeaitts fiw 
eomidementary aequeiice. ft runs into the 5* end of a DNA or RN A aeq^ 
bioquant sequence, hybiidiied to aaid matrix sequence. A probe sequence, 
complementary m at least one targ^ sequence to be ampUfied. added befbie tiie 
anipUfieation stage, acts as a bioquant sequence arid thus has an inhibWng effi^ 

(pecifie ampUficatiou of at least one taijet sequence. For a given sample, if the 
anipUlleation stage U independcnUy appUed. on one hand, to said sample containing a 
piobc sequence or bioquant sequence; on the other hand, to said sample not containing 
the probe sequence, the comparison of the amUyses of the amplified sequences in these 
two cases verifies vA± certainty ihe presence or absence of the target sequence in the 
initial sample. To be eflfective. such a probe sequence must be modified at its 3' end, 
preferably by incoiporatien of a di^eoxynueleotide. soasnottobeusedasa primer by 
the DNA or KNA polymersae during amplification. 

During said additional stage, the probe sequence may preferably be added after 
the amplification stage and specifically hybridired to at least one amplified target 
Bcquenee. fa tUs approach, a very large number of different hybridization inodelsinay be 
utUised. provided thai the probi sequence is immobiliaed on a soUd or fiee support, 
depending on the number of diffiwtnt probe sequences uttliied and depending on the type 
of possible modification to at least one target sequence or at least one probe sequence. 
The hybridisation model utiliwd detemunes the foUowing stages of the treatment of the 
sample for the final stags is an analyais of the amplified sequences. 

Advantageously, when the aforementioned hybridization model and the final 
analysis have as their goal to distinguish ax least one amplified target sequence among the 
coUeetion of other sequences pnacnt in the sample, it U necessary to utiliw either means 
cupMc of distiriguishing these moleciilei by at least one of their physico-chemical 
parameters, or a hybridization complex between said amplified target sequence and at 
least one complementary probe sequence. Tlje physico-chemical parameter most often 
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utUaed U the niolocute iwdght of • DNA or RNA Mqu^ 

nudeotides. but its evdufltion iwpiixei the use of • sepmtive technique tueh ts 
electraphoreas or gel filtration. 

Pceftrably, the pracedute deietibed in this invention allows a complete diagnostic 
test to be pcffbnned, the last stage being a cpaOitative, aemi-quanlitativc or quaotitative 
analysis of the presence of a given molecular niailoBr. yielding a measure of the presence 
of at least one ^pedficaUy anvUfied target sequence, given that a correlation esdsta, 
depending On the nature of the analysis, between the presence of the nxnplified target 
sequence and the presence of all or part of this target sequence in the initial aample. The 
aforementioned molecular marker may be carried by either all or part of an amplified 
tafget sequence, or by all or part of a probe ftquenee. Hie molecular marjcer w 
charactervBBd by the f»ct that its presence may be directly measured wiA the aid of a 
detection apparatus. 

For amooth implementation of the pTKcdure taking place in the amy shown in 
figure 1, certain containers (figure 1) would be advantageously provided with external 
means tor heating and cooling. Jhxu, (E7) is equipped with three independent heating 
elements which, on one hand, allow the sample to be maintained at a constant 
temperature between 37»C and 70'C during the course of proteolytic treatment by 
proteinase K; on the other hand, allow the sample to be successively suljected to three 
teh^peratures associated with a cycle of amplification by PGR. aeeompliahing the 
denaturing of the double-strand DNA. the hybridization of the primets and the extension 
by a DNA polymerase. (E8) is also equipped with a hectme element which allows the 
detachment of an amplified target sequence during the previously described analysis 
stage. Most of the stages composing the overall treatment of the sample require a 
dynamic system. TWi consists of movement of die sample between different containers 
and of movement of an active principle necessary for ttie treatment toward the sample. 
This is accompliahed by the action of a peristaltic pump acting on Ifae flexible wall of 
(E7). 
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Acootdine to still other vmioni of the device for the inytomennrion of fhe 
procedure deioiibed in the present invention, the speed of movement of the sample or of 
the sctive principle may be continuous or discontinuous. The driving fiorce necessary for 
such movement may come fiom ditferent sources: fluid under pressure, displacemen t of 
a magnetic system* passive c^rfllaiy effiect, themial grtdientp peristaltic pump aiCting on 
the wall of a flexible tube, diffidence in pressure between the flidd (gas for example) in 
fiom of the sample and ttie fluid behind the sample (this diffinence in pressuze being 
created by a mechanical system acting locally), or a combination of the preceding 
difBsrent possibilities. 

Certain tubes (figure S) of the anay in cfuestion (figure 1) are equipped with 
means designed to peraiit or impede tiie flow of fluid from one ccmtainer to anodier. 
These means are designed to pemiit or impede the flow of the sample, of at least one gas 
or at least one active principle at a given time in at least one specific tube so as to ensure 
the smootii progression of the treatment To accomplish ^s (figures 2 Araugh 4), the 
plate (2) may advantageously be flexible and have grooves (7) on one of its fiues (figure 

2) . The pattern of the grooves was designed to satisfy precise fimctional needs. The 
close contact between plates (1) and (2), accomplished by theimofusion or gluing (figure 

3) , delimits the tubes exiting the grooves (7). The flexible structure of the plsAe (2) 
permits die play of cams (^) external to the amy, which intermittently compress the 
protttbennces (6) of the grooves (7). This acts to impede the flow of fluid in a given 
tube. The play of three cams (9) coimected to a single support (S). shown on figure 3, 
allows three tubes to be simultaneously compressed, and thtis impedes the circulation of 
fluids in the compressed region. Together, plates (1) and (2) form a well-defined system 
of mbes. to which the containers (El), (E2). (E3), (E4), (E5), (B6) and (E7) and the 
flexible tube (4) are connected. The ooanections (figure 4) to the container elements (E) 
arc ensured by a perforation (10) in Ae plate (1), which interiocks with a sleeve (II) 
containing a tube (12). The coxmection to the flexible tube (4) is ensured fay a completely 
analogous system. A valve (X) (figure S). corresponding to an external cam of the 
aforementioned type, may be in ^ther the open position (X - 1) to permit the firee flow of 
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fluid'in flie tepon. or the dosed position (X - 0) to impede die efacuWon of fluid in the 
legion. 

niB initid biologicd Mmple. in litiuid form, is introduced to the container (B4), 
,«|MW is inixed with the ecUve principles vWchni^ After 
mixiog. the coneenlntions ere ss fWlows: 25 nM sodium neelate. pH 6.5; 2.5 mM 
EDTA;0.5%SDS;X5mg/mlprotctoMeK. The system of valves (figure 5) being fa the 
conflgU«tionlXl-0. X2-0. X3 = l. X4-0. X5-0. X6 - 0) (figure 6). the s«nple 
moves tow«d.(E7) in tr«versing the connections (tl6) and (»1D. Inside the contrfner 
(E7), the sample is brought to 70. C during • 15 minute imerveL The system of valves 
beini in the eonfiguimtion pCl - 0. X2-0, X3 - 1. X4-0, X5-0. X6-0],th* 
..mplctetums to (P6) in passing through (al8) and (al6). The system of valves being in 
the configuration pCl-0. X2-0. X3-1. X4-0. X5-0. X6 - 0]. Ae sample flows 
fiom (E6) toward (E2) in passhig tluough (al5) and (a5). In (E2). the sample flow* 
through an ion exchange oohmmwhici specifically ittshwnucldoacld^^ Theduatanot 
retained on the column flows from (E2) to (E4) in passing through (a3) and (a9). Duelo 
ifae spatial configuration of the connections (a9) and (alO), the eluate is blocked in (E4). 
The system ofvalves being in die configuration pCl -1. X2-«l, X3"0, X4-0, 
X5 - 1, X6 - 0] (figure 7). the eludon bufte contained In (El) is brought to (E2), where 
it flows through the ion exchange column and releases the nucleic adds. The liquid 
senile thus formed by this duUon U diluted, then it flows from (E2) toward (E5) in 
passing through (a4) and (b12). Due to the spatid eonfiguraiion of the connections (nl I) 
and (al2). the sample is blocked to (E5). where It is mixed which the active principles 
required for the PGR ampUfication. After mixing, the conccntrstionj arc as follows: 200 
jiM deoxyadeno8ine-5triphosphatc: 200 deoxythymidine-5tripho8phate: 200 uM 
deoxyguanosinfr-Striphospbate; 200 |iM deoxycytidine-Striphosphate; 250 nM of each 
oUgonucleotidie primer; lOmM Tris-HCl, pH 8.4; 1.5 mM magnesium chloride; 
lOO^ig^ml gelatin and I unit per 50 jU theimoresistsnt DNA polymerase (Taq polymerase, 
for example). The system of vdves being in the configuration PCI - 0, X2 - 0, X3 - 0, 
X4 - 0. XS - I. X6 - 13 (figure 6). the sample flowi from (E5) toward (E7). passing 
throu^ (al4) and (al8). where it undergoes the thcmid treatment necessary for the PGR 
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atnpUfication stage. Means for hendag and cooling external to the amy allow tfae sample 
contained in (B7) to be subjected to 30 ■uoceisive thennal cycles defined as follows: 1 
cycle - 1 minute at 35"C, dien 1 minute at then 1 nUnuie at 72*C. The system of 
valves being in the eenfiguntion [XI -0. X3 *'0,X4«0,XS 1. X6«l],the 

aanvle flows from (B7) toward (E8) in passing through (al9) and (a21). Inside the 
container CB8). equipped with external means for heating, tfae aample b placed in contact 
widi an oUgonucIeotidie probe attached to a solid support* and the specific amplified 
sequences are selectively retained while (Eg) is maintained at 60*C. Hie eluaSe 
contsining the non-specific sequences continues its migrafion toward (PA), pasahig 
Haaa^ (a20), (al7) and (alO), where it Is blodced due to the apattsl configuration of the 
connections (alO) and (all). The system of valves being b the configuration pCl « 0, 
X2 » 0. X3 - 0. X4 - 1, XS 0. X6 - 1] (figure 9). the bufEsr contained in (E3) is 
broo^to (E8), where it is placed in contact with the support retaining the ^edfic DNA 
sequences to be detected. The eomabier (E8) is thus subjected to s temperature 
accomplishing the dehybridization between the supported probe sequence and the 
anqillfied sequence to be detected. The latter is thus returned to solution and its presence 
directly detected inside (B8) with the help of a detector ceitfered on the axis of the 
window (3). In a valve configuration identical to that previously mentioned and after its 
analysis by the detector, tfae sample continues its migration toward (E4)« wdiere .it is 
blodeed due to the conflgutattion of (alO) and (a8). (E^) is a trap container designed to 
accumulate tiie products extracted fiom it» aample and the preWousIy used active 
principles. (E4) has 4 connections. (a8), (a9). (alO) and (al 1), allowdng the fiee flow of 
gas between any two of these connections. However, its comparmientalixed atructur« 
allows the collection of tiic amplified and analyzed sample within an element which is 
not coniamxiuted by oAter liquids resulting fix>m tiie tieatroent The amplified sample 
may thus be later used by simple i unpling from CE4). 

Several arrays may be grotqped together to form a cartridge (figure 10) vHiich 
consists of 4 distinct parts: (CI), (C2), (C3) and (C4). The (CI). portion includes the 
contahiers ^1). (E2), (E3), (E4). (E5) and (E6). Hie (C2) portion is a flexible joint 
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■structure betwoen (CI) md (C3). Tlia (C3) portion indudas the container (E7) and the 
portion (C4) including die container (E8). 
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CLAIMS 



1) Pxocedure for numoricd mplificatioii of tt lean one specific sequence of nucleic acid 
or of Its complementazy sequence, hereafter refioned to as target sequences, in a 
biological sample, diartfcterixed by the fact, on one hand, that it Includes the action of 
actlye principles on said san^le and at least one prdiminaiy stage, intrn dr d to increase 
the accessibility of nucleic adds present in the sample, followed by an amplification 
stsge; on die other hand, that aaid sample as well as the active principles are confined to 
the interior of a hemietically sealed container for the duration of the procedure. 

2) Proeeduniaooonlingtoclaim l.duuvcteritedby theftct&atthesam^ 
directly in said hemietically sealed container. 

3) Procedure according to claims 1 and 2. characterized by the fiict Oiat it is capable of 
perfoming a complete biological diagnostic test including, on one hand, a preliminary 
stage which increases the accessibility of DNA and RNA to molecules contained in the 
initial sample aqd at least one active principle, such as DNA and RNA polymerization 
enzymes and DNA and RNA sequences which are partially or totally complementazy; on 
the other hand, at least one additional stage subsequent to the amplification stage which is 
designed to demonstrate the possible presence in the sample of all or part of at least one 
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) target sequence, the number of 
which is increased during the amplification stage. 

4) Procedure according to claims 1 through 3, characterized by &e fact that the 
amplification stage employs, on one hand, the activity of a DNA polymerase or of an 
RNA polymerase responsible for the synthesis of the amplified DNA or RNA sequences^; 
on the other hand, either at least one DNA or RNA sequence recognize as a primer by 
the aforementioned enzymes which is partially or totally complementary to a portion of 
the specific target sequence to be analyzed, or a perfectly defined promoter sequence 
recogtiized by the enzyme and belonging to the target sequence to be amplified. 
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5) Fioceduie accozding to daisns 1 through 4, cbmeterized by the ftct that at least one 
additional atage« ocouiring before or after the amplification stage, utiUzes at least one 
DNA or RNA probe sequcnee. modified or non*modified, which under certain physico* 
chemical conditions specifically hybridizes by complementarity between &e bases with at 
least one target sequence, and which is present in the sample in free or supported form. 

6) Procedure according to claims I through S, characterized by the Act. on one hand, (hat 
the amplification stage utilises the polymerase chain reaction technique (PGR) to 
specifically increase the number of molecules of a specific target aequenoe with a 
modified oligonueleotidic primer ^Adch carries a molecule capable of e mit t iog a 
measurable aignal; on fhe other hand, tiut after amplification, tht sample is placed in 
contact with a supported DNA probe which is at least partially complementary to the 
anqjlified target sequence and that the presence of said amplified target sequence 
specifically retained on said support is evaluated with the aid of a device external to the 
array which allows the quantitative detection of the signsl-emitting molecule carried by 
the amplified sequences* 

7) Device for the implementadon of the procedure according to one of claims 1 tiirotigh 
6. characterized by the fiurt that it includes, on one hand, at least one container for the 
active principles necessary for the prclimliuiry stage intended to increase the accessibility 
of nucleic adds; on the other hand, at least one container for the active principles 
necessary for Oie amplification stage, and that the containers arc hermetically sealed to 
one anodier so as to constitute a unit, Ixereafter referred to as the array, dclineafing an 
enclosed space with means provided for the mixing and thermal regulation of the sample 
and the active principles. 

8) Procedure according to claim 7, characterized by the fact ttiat the ensemble defined by 
the hermetically sealed container and the active principles which it contains is for single 
usage, meaning it is disposable after the treatment of a single biological sample. 
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9) Devicoacconiingtooncofcl«iin5 7Md8,diMact«rized 

the meins panially or totally ensuring the movement of the simple «ad the «ctive 
principles in tbe anay consist of a peristaltic pump acting on the flexible wall of a tube 
which is p*it of the anay; on the other hand, that the connections between the difierent 
containen are tubes equipped with means designed to pennit or impede the flow of fluid 
at a given time through at least one specific tube so as to ensure the smooth progression 
of the tieatment and that said means consist of a rigid element having at least two sptAti 
pontiens. such tvat the "closed" position allows the flexible tube to be eon^vtosed et a 
given location so as to impede the flow of fluid, and such that the other position, known 
as the "open" position, does not have this compression cffKt and allows die flow of fluid 
in this part of the tube. 

10) Device according to one of claims 7 dmiugh9, characterized by the fact that several 
irr^s are grouped together to foiro a cartridge, allowing the simultaneous treatment of 
several samples with the usual means for ensuring thermal regulation, movement and 
selective flow of die samples and the active principles. 
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